(IL-4, IL-10 and IL-13) cytokine genes of the bactrian camel (Camelus bactrianus) were cloned, sequenced, and analyzed. IL-2, IL-4, IL-10, IL-12p35, IL-13, and IFN-γ were found to have 465, 402, 537, 669, 411, and 501 bp length open reading frames with 154, 133, 178, 222, 136, and 166 amino acid encodings, respectively. The homology ranged from 58.8% to 100% between the nucleotide sequences of the camel cytokine genes and the published sequences of other mammalian genes, including the llama, pig, cow, horse, human, and mouse.
Camels are members of the Camelidae family, Tylopoda suborder, Artiodactyla order, Mammalian class [2, 23] . Members of the camel family are among the principal large mammalian herbivores of arid habitats, and they make a crucial contribution to man's existence and survival in desert environments. The animals of the Camelidae family are extremely important in the Puna of the Andes and Gobi desert and play a major role in the lives of people.
The knowledge of camel immunology has advanced rapidly in the past several years.
Studies on humoral immune response of camels and llamas had been dealt with to include findings on functional antibodies that formed with two heavy chains and no light chains [6, 10, 20, 26] . The camel is a comparatively hardy animal and is less susceptible to many of the diseases that affect other livestock species in the same areas, such as trypanosomiasis and brucellosis [1, 14] . Camels have also been diagnosed with foot and mouth disease, but no naturally occurring cases seem to occur [25] . Although some cases of disease have been reported, the resistance or susceptibility of the camel has not been elucidated. This makes it study of the immune system of Camelidae necessary.
The outcome of disease can be affected by cytokine responses, which play crucial roles in animal and human disease. In recent years, the central role of cytokines in the immune response has been widely studied. The T helper 1 (Th1) and Th2 cytokines are patterns of cytokines secreted by two different subpopulations of CD4+ T cells that determine the outcome of the antigenic response toward humoral or cell-mediated immunity (CMI) [7, Warrington, United Kingdom) and an automated DNA sequencer (PRISM 310 Genetic Analyzer, Applied Biosystems). The resulting sequences were identified by a BLAST search of the NCBI (National Center for Biotechnology Information) databases for homologous sequences.
Sequence and phylogenetic analysis: Sequence data analyses were performed using the BLAST search of the NCBI. The amino acid sequences of camel IL-2, IL-4, IL-10, IL-12p35, IL-13, and IFN-γ were deduced using genetic information processing software, (GENETYX_MAC Ver.10.1.2, Software Development Co, Ltd., Japan). The sequence data herein have been submitted to Genbank and assigned Accession No. AB246671 for camel IL-2 cDNA, AB246673 for camel IL-4 cDNA, AB246674 for camel IL-10 cDNA, AB246672
for camel IL-12p35 cDNA, AB107658 for camel IL-13 cDNA, and AB107657 for camel IFN-γ cDNA.
Phylogenetic analysis was performed using the CLUSTALX program [22] . The transition/transversion rates were calculated using the PUZZLE 4.0.2 program [21] .
Bootstrapping values were calculated using the modules SEQBOOT (random number seed:
123; 100 replicates), DNADIST (distance estimation: maximum likelihood; analysis of 100 data sets), NEIGHBOR (neighbor joining and UPGMA method; random number seed: 99; analysis of 100 data sets), and CONSENSE from the PHYLIP package (version 3.573) [9] .
The phylogenetic trees were computed using the DNADIST and NEIGHBOR modules with the same parameters as above, and TREEVIEW version 1.6.0 [19] was used for visualization of the trees. Th1 (IL-2 of the cloned cDNAs confirmed their identity. In most cases, most of the coding region of the cDNAs were obtained. The sequences were compared to the published llama, pig, cow, horse, human, and mouse sequences ( Table 1 ). The deduced amino acid sequences of the cloned cytokine genes and their alignment with the llama, cow, pig, and horse sequences are shown in Fig. 1. (A) , (B), and (C). The cloned camel Th1 cytokine gene sequences showed the greatest homology to the published llama sequences, and the homology to llama of the camel sequences was significantly greater than the homology to the pig and cow sequences (Table 1) .
RESULTS

Cloning and sequence analysis of camel
Four cysteine (Cys) residues at positions 9, 78, 126, and 146 were conserved in all the analyzed mammalian species IL-2 sequences [( results were further confirmed by phylogenetic analysis (Fig. 3. ).
Phylogenetic analysis of camel Th1 and Th2 cytokines:
In order to examine the phylogenetic relationships of camel Th1 and Th2 cytokines, we aligned mammalian those cDNA sequences with the respective sequences available in GenBank. As shown in Fig. 3 , the mammalian species described in this study could be classified into the five major groups of Rodentia (mouse and rats), Primates (human), Perissodactyla (horse), Artiodactyla (cow, sheep, pig, red deer, llama, and camel), and Carnivora (dog and cat). All the camel cytokine sequences reported here are most closely related to the llama, pig, cow, and horse sequences (Table 1 ). The homology results were further confirmed by phylogenetic analysis (Fig. 3. ).
Our phylogenetic analyses indicated that camel cytokine genes are closely related to those of the order Artiodactyla, which includes the llama, pig, red deer, cow, and sheep. In the phylogenetic analysis, camel IL-2, IL-4, IL-12p35, IFN-γ, and IL-13 were clustered with the llama, pig, cow, sheep, and red deer (Artiodactyla) with a high bootstrap value.
DISCUSSION
In this study, the camel Th1 (IL-2, IL-12p35, and IFN-γ) and Th2 (IL-4, IL-10, and IL-13) cytokines were cloned and sequenced for the first time. In general, the order Artiodactyla comprises three main suborders, Suiformes (pig, hog, and peccaries), Tylopoda (camel, llama, alpaca, vicuna, and guanaco) and Ruminantia (cow, sheep, red deer, antilope, buffalo, etc.), that are defined at the molecular level [2] . The camel Th1 and Th2 cytokine cDNAs showed a high degree of homology with respect to the cDNAs from the llama, pig, cow, horse, and other mammalian species, although there was relatively lower homology to the cDNA from the mouse. Therefore, these results revealed a closer phylogenetic relationship with the camel, llama, pig, cow and horse than with the mouse or rat.
Interestingly, the nucleotide and amino acid sequences of camel (llama) IL-10 were closely related to those of the horse (Perissodactyla), human (Primates), cow (suborder Ruminantia) [11] , and pig (suborder Suiformes) [3] [ Table 1 and Fig. 3. (B) ]. In addition, phylogenetic analysis of IL-2, IL-4, IL-12p35, IFN-γ, and IL-13 from the camels, and other species indicated that Suiformes and Tylopoda are closely related to the order Artiodactyla. These results were similar to those obtained from phylogenetic analysis of llama Th1 and Th2 cytokines, including IL-2, IL-4, IL-10, IL-12p35/p40, IL-13, and IFN-γ [15, 17] . The alignments of the deduced amino acid sequences of the Th1 and Th2 cytokines for several mammalian species, including the camel, were similar in structure to the cDNAs described for other species [4, 5, 8, 12, 13, 24] . In particular, most of the presumed Cys residues and N-linked glycosylation sites were found to be located in the same positions in all species.
This result suggests that this region is highly conserved in the cytokine protein and may therefore play an important role in determining its tertiary structure and functional integrity.
It also suggests that highly conserved amino acid residues are likely regulated in a similar manner and have an equally important role in the immune system of Camelidae. Table 1 , footnote a. Phylogenetic relationships were constructed by the distance neighbor-joining method and rooted with Artiodactyla. In addition to the llama, pig, cow, horse, human, and mouse IL-2 and IL-10 nucleotide sequences (Table 1 , footnote a), those from the red deer (U14682 and U11767), sheep (M55641 and U11421), cat (L19402 and AF060520), rat (M22899 and L02926), and dog (U28141 and U33843) were also used. a The sequence identities shown are for the portion of the sequences corresponding to the camel cDNA reported here. Nucleotide and deduced amino acid sequences corresponding to the primer sequences were excluded from the analyses of sequence identities. The GenBank accession numbers used in the sequence comparison were as follows: IL-2, AB107651, X56750, M12791, L06009, U25676, and K02292; IL-12p35, AB107653, L35765, U14416, Y11130, AF180562, and M86672; IFN-γ, AB107652, S63967, M29867, D285020, X13274, and K00083; IL-4, AB107648, L12991, M77120, AF305617, M13982, and M25892; IL-10, AB107649, L20001, U00799, U38200, M57627, and M37897; IL-13, AB107658, AF385626, NM_174089, L06801, and NM_008355; respectively. 
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